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CONTINUOUS DURATION OF WVIND SPEEDS UNDER THE CONDITIONS OF THE PLAINS
AREAS IN THE USSR

Yoprosy Kiimatologii. Naughno=issledoyatel'~ T. No Anisimova

akiy Ingtitut Aeroklimetologii. Trudy.
Problems of Climatology. Scientific-Research

Institute of Aeroclimatology. Transations),

During recent years, in applied climatology for the ob-
tainment of various kinds of regime characteristics, the calcu-
lation methods have become popular. On the one hand, this 1is
explained by the lack of reliable observations on certain m:t-
erological elements for a sufficlently prolonged period, and
on the other hand by the necessity of satisfying the require-
men*s of the practice and computing the climatic parameters
in the values which can not be obtained from the direct dis-
crete observations.

In the present report, we consider the application of
the calculation methods for obtaining the regime features of
continuous duration of wind speeds.

For the calculation of the spatial variation in the con-
tinuous duration of wind speeds, of great importance is an allow-
ance for the local conditions of the locatlon of the observation
points (extent of protection, relief, vegetative cover and sev=
eral other factors). As a whole, these conditions exert a more
significant influence on the conditions of wind speeds than the
latitudinal position of the observation polnts.

The direct interpolation of the hourly data (which are
avallable in a limited quantity) for obtaining the pertinent
regime features for the points not having hourly observations
will involve appreciable errors in connection with the high
deviations of the iInterpslated values as compared with the true
(actual) distribution. In such cases, the application of the
calculation method permits us to obtain a higher accuracy of the
data.

The continuous duration of wind speeds above or below a
speclfic level 1s characterized by an average and maximal con-
tinuous duration, and also by a probability of duration by grad-
ations. All of the above-~listed characteristics can be obtained



by the calculation method based on the regular interrelationshic
of the various wind parameters.

For obtaining the average continuous duration, we have
utilized the previously established relationship [1] cf this
parameter with the frequency of discrete values of wind speeds
which can be obtained according tc the data in Spravochnik po
klimctu SSSR  (Handbook on USSR Climate), Part 3 (Wind) for a
large number of stations.

An analysis of the hourly observations of 28 stations
permitted us to differentiate this relationship with reference
to a varying level of speeds (< 2, <4, 25, 28, 212, >16
and 3>2C m/sec) for the conditions of an open level area.

In Table 1, we have indicated the values of the average
continucus duration for the specific levels of wind speed. The
accuracy of the indicated values will fluctuate within the lim-
its of +1 hour.
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Average Centinuovs Duration (iours) of Indicated
Li?its of Wirnd Speeds at Their Specific Frequency
{%

The value of the average continuous duration increases
with an increase in frequency of any given wind speedy indepen-
cent of the location of the station. However, the influence of
the local conGéitions of the points is reflected on the value for
the frequency of small wind speeds (£ 2 and € 4 m/sec), and
through 1t also on the continuous duration of these speeds, which
increases in the well-expressed river valleys.

For the wind speeds £ 2 and < 4 and 25 m/sec, the data
concerning the value of the average continuous duration are pra-
sented by seasons of the year.

The presentaticn of the data by seasons affored the possi-
bility of decreasing the effect of random errors, in which we
retained the typical features of the seasons. However, the data
do not always correspond precisely to the calendar seasons. In
the given case, the seasonality 1s decined more correctly not by
tre calendar dates, but by the patterr of any given atmospheric
processes. For exampie, in Magadan, Krasnoyarek and Khabarovsk,
the regime of the wind speeds 5 m/sec¢ in March progresses as in
winter; the regime of the same wind speeds in Ozernyye Elyuchi,
B. Yelani and Chita in May already has a summer character.

For the obtainment of the stochastic characteristics of
the continucus duration of wind speeds, we utilized the method
of the straightening and superposition of the integral distri-
bution curves of the form

z \7
-5t (=)
P{X=x)=¢ ("’ .
where P (X >x) = the probability that the random value of X
will exceed the assigned value of x; x/X = the ratio of the
prescribed amplitude of the random value to its average value.

A detailed Justification of the application of such a
type of climatlc processing has been presented in the report
[2]. The distribution curves of the continuous duration of
wind speeds have be~2n straightened and superposed by construc-
ting them in semibilogarithmic coordinates:
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The integral curves wzre constructed by tetalling the frequency
of a4 definite limlt of wind speed from the high values of limits
of continuity to the lower values.

In the construction of the distribution curves, we took
into aczcount thz modal value of frequency of continuity limits,
in which we differentiated the cases with the mode, falling in
the hourly range, and the cases with a mode of more than an hour.

An analysis of the derived distribution curves of con-
tinuous duration cof wind speeds confirms the absence of signi-
ficant differences in the distribution curves both for the var-
ious peints, limits of wind speeds as well as for the seasons,

This signifies that the distribution curves, varying to
some extent or other from season to season or from pcint to
pcint, or finu.lv from the wind speed values themselves, cor-
respond to one distribution law, in which only the numerical
parameters vary.

Based on the nature of the distribution, it seems feasible
to us to segregate the following typical distribution curves of
continuous duration (see Ffig. 1):

type I-- plains type, typifying the distribution of con-
tinuous duration of various speed limits for the conditions of
an open level locality with a mode equalling one hour;

type II--plains type with the mode greater than one hour,
in which we can distinguish two subtypes: a- basic plains type,
b- plains type with low average speeds.

The difference in the subtypes a and b consists in the
fact that the entire curve b corresponds to a greater variation
in the continuous duration of definite speeds.

The distribution curves with & mode occurring in the
continuity range of more than an hour are constructed in most
cases for the wind speeds exceeding 12 m/sec based on quite
limited data. For such speeds, we t‘ypically find an abrupt
reduction in observatlions, which in turn greatly increases the
influence of random errors. In these instances, we can utilize
the type I distribution curve, since the divergence from the
factual data will occur only 1n small ranges of continuity. /69

For the solution of the practical problems, of maximum
interest are the ranges of high gradations of continuity, and
they can be derived more reliably from the curve of type I.

~la

bad o~ A 1 RS O R »

A e i e




;‘3"“”" - . /68 2

r [ /:
L .

H +9 on 4

2%

] LR K7

. ikt

.o 'd‘v . i e""
e AkL
s 2T ok
» 2 vy ~
» xx:"‘voz'\ﬂv
°., ; .,v{;t'x +X X
d » —QWWV\ v
o s ® hide ' of
\\ixv VIV

IR A S

aﬁ/:/52%5' ¥ ’
Xy
Vy

. §
i Ve ;:.
1 ; 1357 oY) .
i 3 VY
L]
’ Rodrre
‘ y 4
14 o Vs A
v v
2 “—
[ 129
. MAKDY &5 1
+ 7N Vo by
' ~ 1\1 V o 375 ¥y
-
o 0 x ‘J ® .Qv v. v
" < T +
v
£0l-ya * / ¥ X
y -d eg2
. A v s, vE e
L . x>
v c>8
wW Y 3
AR L {21
» ti/ ] AN
. L .
8 (XX

& (1] [X] [ b 3 & l;i
. .- i
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The use of the method of construction of generalized dis-
tribution curves permits us to reduce the error of probability
( CT), especlally In case of a small volume of selection.

In Table 2, we present a comparison of the probability
errors ( A o), of the continuous duration of wind speed in
the utilizatiBn of actual data by individual station with the
corresponding probability error, computed on the basis of the
generalized typical curve (type I, Fig. 1).

Table 2

Values of A o o
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The probability error (A ;Tp) is calculated as the dif-

ference Ip of the actual (according to the available number of
cases) and ob based on the generalized typical (standard) curve,
wherein the symbols + and - at Ag_ indicate respectively the

excess of the actual error over the computed value, and vice
versa.

- As 1s evident from the data in Table 2, at a value of
selection more than 50 cases, the utilization of the actual
data provides satisfactory results. In a sampling of less than
50 cases, the utilization of the calculation method becomes more
effective.

This provides a basis for recommending the use of the
calculation method not only in the absence of interesting in-
formation on the continuous duration, but also in the presence
of factual data obtained on the basis of extremely limited sam-
ples.
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APFROXIMATE CALCULATION OF WIND SPEED IN THE 10C METER ATMOSPHERIC
SURPACE BOUNDARY LAYER FOR THE CENTRAL REGIONS OF EUJROPEAN USSR

DU 4 (W

—

> o "

B e o s

The territory undsr consideration in the central reglons
of the Eurcpearn USSE territory occupies the Yaroslav, halinin,
Xoscow, Vladimir, Smcliensk, Kaiuga, Ryazan' and Tula oblasts.
in ratare cf reilef, this tervitory is uniform and comprises
2 zightly brcken plain with a series of individual uplands,
irciuding the Tertral Zussian, Smoleno-Moscow and Valday. A
large part of the territory 1is situated in the forest zone,

ané the forest-steppe 1s found only to the southeast of the
Oka River.

As Is known, the vertical profile of wind speed in the
boundary layer of the atmosphere depends signific.ntly upon the
rougtness of the subjJacent surface, the temperature stratifica-
ticn and the actual wind speed.

In the present repert, for the description of the varia-
tien in the wind speed with heignt in the 100-meter air iayer,
we have used a comparison of wind speed based on the wind vane
of a separately selected station with a speed at a ucight of
10G m based on the pilot-talloon or radissonde data taken from
th2 charts in confosmity with the location of the station.

On the basls of the studies, we have included data on
the average speeds of wind ana frequency at 77 sictions on the

in the central reglions, seven pilot-balloon svations and
18 stations (USSR territcry) of the radiosonde observations.
Por the list of aerclogical stations, refer to Supplement 2.
The data from the ground stations pertain to the period 1936~

19£¢; the aerological data, 1930-1952 (pilot balloon) and 1959-
1563 (radiosonde).
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The deseription of the location of stations based on the
standard system developed by S. A. Sapozhnikova [10] has been
presented in the section on climate of the UGMS «{ the Central
Regions by L. D. Solov'yeva under the supervision of P. B.
Shekhtman. Ye. Yu. Kim participat~d in the calculation of the
tables included in the text.

In the process of formulating the description of the
stations' location based on the standard system [10] (refer to
Supplement 1), the necessity was indicated of making certain
refinements. Thus, in column 4, explaining the landscape of
the locality, the swampiness "B" is refined further. In addi-
tion, in the description of the macro- and meso-roughness, we
introduce additionally the column "e¢xtent of forest cover, ex-
tent of bulltup area"--ZL, ZS. In this connection, the lower
index at the conventional notation ZL, ZS characterizes 1in
pointy the part of the area occupied by woods or buildings,
of the total area with a radius of 10 km.

Part of Area Points
0 to 1/4 1
from 1/4 to 3/4 2
from 3/4 to 1 3

The exponent at the conventional notation indicates the
point evaluation of the height of trees c¢f bulldings.

Height Points
Less than 10 m ’ 1
More than 10 m 2

(In either case, point 1 is dropped).

In the desceription of a water basin (reservoir), we have
introduced the column "Form of shoreline":

Form of shoreline Conventional symbols
Cape M
Gulr A

In the description of the relief, we have introduced
the additional form, i.e. the lowland "N".

Based on the description of the location of each of the
77 stations, we have accomplished a standardization of locatilon.

o pm——— o Py




All the stations are classified according to the zonal features

of tre iocation (the forest and forest-stezppe), upon the local

extent of protection (open anrd protected), based or: the relief

form (level location, elevated points, hill, slope, valley,

straight valley, depression, etc.), proximity of water basin
(reservoir, lake) and shape cf shoreline (cape). In addition, x
in the standardization we have separately classified the forest 3
glade and the urban conditions. In the grouping cf the stations 2
based on these characteristies, we have taken into corsideration

the average annual wind speed and the diurnal amplitude of wind

speed in July ('7',3,.' 'v") .

In connection with the ract that the heights of the wind ,
vanes at the metecroiogical stations vary from 8 to 26 m, in the
standardization for the comparability of the data, the difference
in the heignhts was compensated by multip.zcation times the appro-
priate factor computed on the basis of the logarithmic formula
at 2, = 1 m. In this manner, the ¢ "erage speeds were reduced

to the height of 10 m. As a result of the standardization, we

derived the generalized estimations of the indexes of the wind

regime in the basic types of location w#hich are listed in Table

1. As is evident from the data ir the table, indenendently of 3
the conditions of the extent of cover, the average annuzl wind '
periods will increase from the concave relier forms to the con- ;
vex forms, and reach the maximum values (4-4.7 m/sec) in the b~
places situated near the water bases. The index of the char-
acteristic of the diurnal pattern of wind speed in July v13/v1

has a reverse pattern, i.e. the maximum values occur in the de-
pressed points (depression, forest glade), while the lowest
values (0.9-1.% m/sec) are found on the elevated points and
near the water basins. The line¢ which 1s segregated in the
protected conditions, oriented in the direction of the preval-
ent winds, has average indexes of the wind regime close to the
convex rclief forms (hills, slope), wherein the speed 1s even
slightly higher (3.6 m/sec).

For the approximate description of the variatica ir wind
speed with height in the 100-m layer, we calculated the ratios
of wind speeds at heights of 100 m to the wind speed at 10 m.

2= V40010 (1)
The average wind speeds at a helght of 19 m are taken from the
wind vane of individual stations, wherein for comparablility

with the aerological data, they are calculated as an average
from the observations at 0700 and 1900 hours.

-10~




Table 1

Average Annual Wind Speed (v et ) and Diurnal Amplitude of Speed
in July in the 2asic Types o¥ ggation Locations (UGHMS) of the
Central Observatory

Extext of
—_— = |Bmber of
Sone shelter . Relief fexture €
Tyous | L stetions
o/ sec)
Torest Rxposed 318 |23 13
29 |32 2
33 fau 2
3s 125 3
4.0 2.2 3
4.7 |2 2
1t 1.4 2
47 108 1
31 |24 M
22 |29 1
2.5 i 2.3 3
32 (13 1
scecsscensrane g'; g.: 3
e eemegecs.avaqel - 2,
Tl saliag oo 36 (231 2
Besswolz dabv.ol1 36 118l &
Yorwsi~stoppe Tapossd Lewel lecality...... 4.0 2.2 3
1';1*:“ roser gty 4.7 2.0 3
Seltesed |cditi¢l......... 3.1 2.3 ]
Yallay.coooceoracecae] 6.8 | 22 i
11, esvocereee 3 2.1 ]
i [
For the calculation of R, the average speeds at a height
of i00 m for all 77 stations of ground observations are taken

from the charts compiled by us on the basis cof the climatclogi-
cally generalized pilot-balloon data of three staticns {(X:scow,
Vologoye, Smolensk), situated in the territcry under conside-
ration, and four stations (Vologda, Gor’kiy, Orel, Velikiye Laki)
in the adjoining territory.

As a result of tne calculation, we derived the annuai
pattern of the R-values under various coiditions of location
in the plains and hilly regions of the Central ctlasts {(Tatle
2). As is evident from the data in Table 2, the R-valies cre
higher in the fores* zone than in the forest-steppe zone, and
higher under protected conditions than in the exposed ones.
The maximum values of the ratios for R (2.0-3.%5) are noted in
the forest glades, in the places orotected by vuilldings, and
in the depressions. The lowest values for R (1.1-1.2) are

-11-
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fourd near the large water basins. In the annual pattern, the
R-values increase from winter to summer, and reach their max-
imum in August-Sentember. Also perceptible is a certain in-
crease in R in April. Such a pattern in the R-values is ex-
piained both by the general circulatory processec and by the
influence exerted bty the underlying surface. The indicated ;
increase i R during April 1is assccizted with the decrease in

the average wind speeds at the Earth as a result of the descent

ol the sncw ccver ané the lncrease in the roughness of tre P
ground surface, whereas at a height cf 100 m, during this periocd,

the maxlimum values of the winter months are retained.
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Table 3
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The displacement in the R-maximum at the end of summer
(August) is evidently explaised by tne fact that we utilize the
observation hours 0702 and 1900, when owing to the late sunyise
and the early sunset, theres is expressed more distinctly than
in June and July the weakening of the turhulence associated with
the temperature inversions.

The variation in the course of a 24-hcur pericd of the
Wind profile in the 100-meter layer can b= regarded as a func-
tiorn of the wind speed at the helght of 100 m and of thermal
stratification. PForecver, R is =2stablished directly by the
vwind speeds at heights c¢f 10 ané 100 m.

he pnases of the diurnal pattern do not ccincide 1t the
of 10 and 100 m. While at 2 neight of 10 m, the minimum
4 ocecurs in the night hours, while the maximuwm cecurs in
time hours, at a height of 100 m, the maximum is recorded
night hours, while the minimum occuvrs in the morning
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In Figs. 1 and 2, Wwe have presented the ratics
P = R /R, (2)

wnere B = the ratic of speeds in the daytime (Fig. 1} and
niznt (Fig. 2) bours, R = the average ratio of speeds fcor a
24 hour period.

Fer the ccnstruction of the curves, we have utilized the
data fr m the radiosconde cbzervations from i2 stations.

As 1is evident in Figs. 1 znd 2, to a kncwn extent the

P -value depends on_R. During the daytime hours, F decreases
with an increzse in K. LDuring the night, on tne other hand, it
increases. Moreover, @ varies In its annual nattern. In the
night nours, @ increases from Winter to summer, and on tue other
hand in the daylight hours, it decreases. Utilizing the de~
rived dependence of p on R, we obtained an approx‘mate charac-
teristic of the values in the nocturnal and daytime hours for
the variouc types of location {Tables 3, 4). The data presented
in Tables 3 and 4 indicate that the maximum differences in R
during the night hours frcm the daytime hours occur in the sum-
mer> period. In winter, the difference in R at night as compared
with day are nor significant, and cemorisc 0.2-0.4. However,

in summer these differences are great, especlally under the
protected ccnditions, where the R-values during the night rouis
exceed by more tnap twice the daytime valves (forgst glade, ur-
ban protectz2d cenditions). It should be remarked that in the
annual pattern, the R-values during the night hicurs have a con-
siderzble range (1.2-1.4 = level area; 2.0-2.2 = forest glade,
depression), while during the daytime hours, the range or the

annual pattern 1s slight, around 0.2-0.4, and only under the
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protected conditions does it reach 0.8. Although the annual
pattern for R is sliight during the daytime hours, for almost
all types of locality, we can detect a decrease in R at the

end of spring and the beginning of summer.

Such a pattern of the calculated R-values is confirmed
by the data obtained directly from the radiosonde observations
for the Dolgoprudraya Station (Table 5), which is located on a

level place, but surrounded by forest and structures at a dis-
tance of 50-500 m.

/79

Table 5

R-Values at Various Hours of the Day for the Doigorrudnaya Station
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The derived relationships of wind speeds on an average
for 24 hours, during the- might and daytime hours provide the
opportunity, if we have the average wind speed at the wind vane
height, of calculating the wind speed at a height of 100 m de~
pending on the features of the location and with allowance for
the diurnal pattern.

In addition, these relationships permitted us to utilize
them for an approximate deseription of the wind speed at a height
of 50 m. For the calculation of the sind speed ~c thiis height,

we used the power formula of the variation in v.nd speed with
height

= = (&) €3)

In report [{3], it was shown that the wind profile up to H = 200~
300 m is approxirated somewhat more accurately with the aid of
the power function of height than with tne aid of the logarith-
mic functicni. The exponent m of the power function was regarded
by us a function not only of the thermal stratification but also
of the leatures of the underlying surface. The values of the
exponent m, both on an average for a day as well ar for the

day and night, was deterinined on the basis of R. Substituting
the derived m-values into the gower equation, we calculated R
for day, night and on an average for 24 hours at a height of

50 m (Tables €, 7, and 8). For verifying the magnitude of the
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values derived, the latter were compared with the calculated
data [8] aczording tc the Laykhtman rormula:

"
]
o
"
-
»
L

== %% o z, = 0.05 and 3 cm (%)

for an open level place at a latitude of #5-50°. A comparison
indicated that the magnitude of the ratios agrees well x:ixa th
data i~ Tables 7 and 8 for a level place in the fcresi-sterge,
and this permits us to recommerd them in a first appraxizetiorn )
for practical utilization. p

In the present paper, we have examined the guesticn of
the employment of the average wind speeds for obtaining the
maximal speeds at a height of 100 m. For this purpose, we
applied the graphic method (adopted in climatology) c¢f the
smoothing and extrapolation of series of observations based
on the grid (netwcrk) developed by L. Ya. Anapol‘'skaya and
L. S. Gandin. According to the data of 18 stations of radio-
sonde observatlions, we constructed the distributicr curves of
wind speed based on the winl vane and at a height of 1C0 =m.

It turned out that the angle of inclination to the axes of %he
coordinates for the distribution curve of wind speed at z nelght
of 100 m differs from the inclination angle at the Earth—the
line runs more evenly--therefore at high speeds, the distribu- /83
tion lines converge, and this indicates a relatively decreasei
variation in the wind speed at a heigat of 100 m. This Is pos-
sibly the result of the varying scale in tre averaging of ihe
data (of the anemometer and the radiosonde). With tke aid of
the distribution curves, for-18 stations we establish. the re-
lationship of fregquency of high wind speeds to the average

speed (Fig. 3). This graph illustrates well the differences

in the variation of speeds at the heights of 10 and 100 m, which
increase in proportion to the increase in the speed. Thuc, the
probability curves of speed 27 m/séc at these heignts are an
extension of each other. However, the iines characterizing the
increase in the probability of sreed > 10, 1%, 29 m/cec at 2
height of 100 m, located below the correspoading lines tased

or the wind vane, which is a manirestation of the decrease in
the variation of wind speed with heilsht. Sased on the data

from this curve, we constructed - somogram or calculating the
maximal wind speeds at a height of 100 m (Fig. %). Eased con
this nomogram, we can determine the maximal wind cpeed 2t a
height of 100 m, provided that we know the zverage wind sgpeed.

In conclusion, we should state thrat, in spite of tne
approximation of the calculations, the data presented teztify
to a considerable variation in the wind profile ir *the licxer
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Tadble 7

RSO—Night Time Values for Central Regfons of USSR European Territory
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PEATURES OF TERRAIN SURROUNDING THE WEATHER STATIONS AND PRINCIPAL WIND

SUPPLEMENT 1

CHARACTERISTICE
Holght of it Macro~roLzhress 1
] Wi vne = anst ~
Station location, | neigny | Swmeral fognt, locel =
. {m) ro) [(lendsospe),s extent ol
. : . nhelter-
ing,z in
- -4
1 2 I3 1T 5 | 6
Yerozlavl' Oblact i
GaratinD, v vessensoinn. 12 10 X Je 3.1, ! N
Poshekhor: 'ye-Volodarslz, 109 6 Je 31, 1
s RozhpovedY.oevees, 103 17 Jla 31 ]
Danilov,.eceesorescncen 158 12 X e an !
&bms.., Cieveencerns :022 :; .)'(Ic_] %«"ll; :'.
seqpegsovsey Jde J
Y&."Oﬂl ‘ mu otc-o: 98 12 Jle 3”, i
Uglicb..........-...... 120 11 N 3”, i
POB‘.'A)‘V................. 99 14 Jde - "
Pereyaslav.'~Zolesady 174 13 X e 3n 11
adinls Trlast
Kos'mB ,......o00vvun0, 194 11 | X Je 31!, ] !
Bologoyeese vvienes - 187 L1 XJdcb 2n i l
Moksatilha, ,ooeeiveesnd 134 12 Ac B an} "
Bezhetsk..c.evroooneond 140 1n X e — 1
Vyshni:r Volochet..seeod 167 12 Ne B 3c fl
ToluBChiceeovsosesconsyd 138 12 X.Je B g I
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/90-91
Remarks to Supplement I (cont'd) (cont'd)

To colunmm 10. P - plains, §J - valley, H ~ lowland, C - slope, B ~ peak, X =
hill, H,~- straight valley(oriented in the direction of the prevailing wind),
K — trough. Por the slope, the subseript # indicates top, center (no notu-~
tion), # ~ bottome Por eiample, C o signilies the "wpper part of slope”. The
exponent at the conventional symbol of the relief form indicates the differ- o
ence in heights (Ah) in the following point system of evaluation:

Difference in height (m) Points
<50 1 (is omitted)
50 -200 2
200-750 3
750~1500 4
>1500 ‘ ‘ 5

To column 11. The orientation is indiceted by 16 compass pcinte. Por the val~
leys, the downstream direction is giveme In the case of complex relief, the
orientation of all the rolief components is indicated. The oriemtation is not
given for the peaks and hills.

To column 12« 3 - negative reli:f fornms . (valleys, troughs, saucer-shaped de-
pressions, and also the vegetation and glades favoring the stagnation of air,
vhere the wind speed Ins slackened). T4 positive roliof'fdm (psaks of
mountains, hills etc.) with fevorable conditions for turbulent air mixing (the
wvind has freshened. C = méi"nt, r@!slq ll":OLﬁ-lo‘ B - near a large water body (riv-
ors, lakes, not farther than 1 -~ 1.5 km). JT = city, industrial region.
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LIST OF STATIONS OF AEROLOGICAL OBSERVATIONS
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DIVRNAL VARIATION OF WIND SPEED IN THE ATMOSPHERIC PLANETARY
BOUNDARY LAYER

Yoproay Klimatologii. Naughno-issledovatel'- Ve Mo Sklyarov
%kix Institut Aeroklimetologii. Trudy.

Problems of Climatology. Scientific-Research

Institute of Aeroclimatology. Transactions)

No. 52, Moscow 1968, pages 98 = 119 ‘

The climatological studies of the diurnal wind pattern
in the boundary layer are made more difficult by the limited
number of the observation periods. As 1s known, in the net-
work of the aerological stations, the radlo-wind sounding of
the atmosphere is conducted two, three or-in the best case,
four times per 24 hours. However, even based on the results
of a quadruple sounding, it 1is difficult to establish the
position of the typical points necessary for constructing the
reliable curves of the diurnal varlatlions in the wind at var-
ious heights.

Obviously, any given period of sounding can not be equally
reprecsentative for the entire depth of a boundary layer. For
example, Lf the observations at 1300-14C0 hours characterize
the dlurnal maximum of wind speed at the Earth's surface, thils
does not signify that these observations are to some extent in-
dicative also for the height of 300, 500 or 1,000 m. With the
same justification, we can state that any given combination of
several observations periods, belng representative for some
heights, will prove unconditilonally nonrepresentative for the
others. Therefore, 1t 1s necessary to have such a number of ob-
servation periods, which 1in combination would permit us to ob=-
tain sufficient data for an objective description of the diur-
nal wind pattern at all helghts, 1.e. from the Earth's surface
vo the upper limit of the boundary layer. '

In an ideal case, this number should be 24, since only
an hourly sounding of the atmosphere i1s capable of providing
exhaustive data for a detalled investigation of the diurnal
pattern of the wind speed. However, such a frequency of sound-
ing can be realistic only in the form of individual discontinuous
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series at separate observation poirnts. Therefore, the availabie
data of nourly scundings are sc limited that their utilizaticn
for climatclogical purvoses is practically impossitie.

./JQ&L

In conrection with what has been indicated, it appears 1
feazitle tc utilize the results of the Guadruple radio-wind
sounding in comtinaticn with the data of plilict-tallcon obser-
vations. Suci: comtined aeroiogical observations--radio-wing
cutservaticns in the basic periods ané the pilot-tallcorn vbser-

vetiIons irn ti.e Intermediate rericd: are conducted during a nun- 4
“er ¢f yezrs at a conciderable nurber of statizns in the air- i
sorts. 1a this connection, we have In mind tne pilot-balison

cuservaticns ta<en from on2 point, since now, the regular basic
abservations are not conducted anywrere.

It is understandable that the combined utilization of tie
direct resuits cof the pilot-balloon and radio-wind observations
is impossitle, since the difference in the methods : f deriving
trhese results cause their dissimilarity. Therefore, the reduc- /99
tion of the pilot-balloon and radio-wind data to a single sound- 1
ing method is required.

Although in a study of the iower atmospheric layers, the
pilot balloon observations have certain advantages over the radio-
wind observations [18]; at the present time, the lat*er are the
principal and most popular method of measuring the wind aloft.
Moreover, the radio-wind observations are distinguished by
great regularity, as a result of which their results do not suf-
fer from that selectivity which unfortunately is typical for the
data collected from the piiot balloon observations [24]. Obvio-
usly, with consideration of this circumstance, it is feasibie to
reduce the results of the pilot balloon observations to the data
taken from the radio-wind sounding, and not vice versa.

For reducing the pilot ballocn observations vo the radio-
wind ones, it is necessary to know the errors in the first rel- 1
ative to the second. Obvicusly, the more reliable and objectilve
technique of detecting such errors can be a comparison of the
resuits cf the observations conducted simultaneously by the radio-
wind and pilot balloon methods. Applying this method, the radio-
wind and pilot balloun cbservations are usually conducted for
the flight of the same balloon; we compare the results of the
observations obtained by both methods for the same heights.
However, such observations are conducted only spasmodically,
as a result of which their utilizatic for climatological pur-
poses, including for reducing a seri 'z of observaticns to one
sounding method, is extremely difficult. In connection with
this, the indicated reduction is achieved by us in a different
way, specifically: by the method of differences in the many
years' values of the average diurnal wind speeds.
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The basis- for the application of this method has beeh
provided by the assumption that the mean diurnal values of a
meteorlogical element can be derived based on the obzervation
data in any four periods equidistant from each other. As the
experience In processing the many years' observations indica-
tes, this assumption is sufficlently reliable in respect to b
the average wind speed values. Hence, if the radio-wind and

pilot balloon observations did not contaln errors, or their .

errcrs were the same, in the problem which we are solving, the
mean divrnal values of wind speed computed separately based on
the data of one or the other observations, should alson be iden-
tical. Hewever, in reality, such a coinecidence does not exlist,
and thic 17 =vidence of the dissimilarity of the data from the
pilot balloon and radio-wind observations, which needs to be

eliminated.

The glst of the method is as follows. For the same fixed
heights, we calculate the many years' mean diurnal values of
wind speed ceparately based on the data for four equidistant
perliods of radio-wind sounding (ng ) and for four other equi-
distant periods, in which the pllot balloon observations were
conducted (%un Y. Then, we take the difference in these valuec:

A.'=;”—b-., ' (1)

representing tﬁe error in the'pilof balloon obserVqtions rela-
tive to the radlo-wind observations (with opposite sign).

If ve assume that the difference Av 1s stable for all
the periods, the average speed value for the given perlod, ob-
talned from the many years' pllot balloon observations, can be
reduced to the value v,, of the adequate "average radio-wind"
for this same period, sgecifically:

S = 5un 4 35 (2) /100

In spite of the cbvious simplicity of the method descri-
bed, itc application pecrmits us first to execlude the effect of
the actual instrumental errors of the pilot bhalloon obcervations
for the average charactericticc ¢f wind speed, and secondly to
cruppress to o conzldersble exicnt the deperidence cf these char-

acteristics upon the a«lzctlv- property ot the pilot balloen
data. As regards twnc :0fect U the syctematlce errors ¢f the
radio-wind scunding, it i veuurally retalred, aliso oxtendinc

in the given Inctunee ¢o b= o llot ballcon oisepvationec.  rowe-
ever, with a proper Znotallatico: and culllfnl cperation of the {
equipment uced 1n vl radlce-="ud courding, taes. :erore ure
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close to zero [3, 8, 107, and for practical purposes are not
reflected on the averageu valuezs of wind speed [8, 22]; we will
not discuss them (we will discuss below the accuracy of the
many years' average data, obtained from the actual statistical
compilation utilized by us).
- , Table 1
Many Years' Average Diurnal Wind Speed (v m/sec) in Various Months Based on
Radio-Wind Sounding Data & Pilot ‘momtiona (n=no. of terms in series)
: €00

¥ind vaje X - 830 3350
Month YaRe == — - ~
, i v . v l - v [ ] - a v
. Radio wind observantions
UBLYooo | 620 | 65| SI6 |86 (501 | 9.4 [ 47 193 [ 87196
2§r Yyse.) 564 | 3.0 |67 | 8.3 :u 90 | |93 | s |96
rhewsqe| 620 | 5.1 ] 520 8.8 9.2.]s53 )95 }s13}93
é;r { evsce |00 | 47| 549 |83 |582]85 50|87 |ann]se.
eocseccecd 60 ] 46 ] 535 ]| 7,7 ] 568 |8} 545 | 8.3 3 | 3.2
Qeosvas.] 600 K368 | 585 87 | 513 6.8 | 567 7.1 %y 1 7.2
S recss]@Bar 271 | @I TP 1%02]74 [38] 72
$ocevleo|as|wr[7a|lses|7s |7y |w7]7s
eDtorbore] oo | 36 | as | 80| 3553 |8y 36302 |308]ss
o ﬂ.r..” 619 | sc)eor |88 | 3}92 {w] 92 ||
lovembeteo.| 600 | 4.6 | S7T8 [ 9. L. | 364 1 9.9 | 557 | 98 | 386 | 9.3
ecoﬂgozr oo 613 | 45]1356 )89 ]|388193 13585193 1573}93
Pilot ballon observations

e we ol 819 ;:s NS 18T ) M8 {20185 ML] -

o roo| 386 slas |74 |[8s ] 1] — | 3] =
archeevee| €0 5265572713387 |16 ] 91 I 39892
i cocoal WO lanfzia7ee0]79 |81 | X6 8
ceseqen] S8 | 46|03 |68 | @72 ] 73 ] |73
Qeececsa] 3] 27 m 163 ] 6.2 356 | 6.4 5’2 y 6.9
eecepa] 60} 39 (00204 B¢ 6,8 33 ] 6.4 34 1 6.8
Iteceal 620138 | 26|68 | 57 a5 {558 ]70 ] 3m| 23
horal 0937|368 [ 66 | 39 { 7i0 {510 | 732 [ a1 778
P Teoal 620 | 291238 | 7.6 | e5s | 85 | 40| a8 | 2
overmbex -+l 00 | 43 I s |80t 20las lise) = il =
[: 1] e a o - -

%At inadequate number of initial data (less than 200), mean wind speed vas

not computed.
In a study of the dlurnal pattern of wind speeds 1n the

boundary layer, we had the opportunity of utilizing the results
of the radio-wincd sounding in Kharkov at 0300, 0900, 1500, 2100
hours and of the pilot balloon observations at 0000, 0600, 1200,
and 1800 hours Moscow Standard Time, or respectively around 0200,
0600, 1400, 2000 hours, and 0500, 1100, 1700, and 2300 hours
mean solar tlme for the filve year perlod from 1959 to 1963. y
101
In Table 1, we have listed the many years' values of the
mean dlurnal wind speeds for certain levels above the Earth's
surface (approximately every 300-500 m), calculated for each
month based on the results of the radio-wind sounding, pilot
bialloon observations and observations with a wind vane (anemome-
ter). It is obvious from this tabie that the mean diurnal values
of the wind speed according to the anemometer calculated accord-
ing to the data for the various periods, are practically identi-
cal. Consequently, the judgment expressed earller relative to
the colncidence of the mean diurnal wind speed values, obtalned
based on the data of the standardlized observations for any four
equidlstant periods, finds excellent confirmation here.
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At i(hz same time, 2. anelysis of the data listed in Table
I indizates that the mezn Jdlurnal values of wind speed, calcula~
ted separately based on the resulis of the radio_yind sounding
and of the nilot observations, are significantly different; more-
over, these-diffcrences'ﬁre alyays ;dentical‘in glgn and in gene~

ral are fairty tlose to each other in absolute value.

. L
‘e .
K3

A mﬁre‘grgphic,111uStrqtién_Qf what has ‘been stated above
. € “ - [ -5 * 5

3

is given #¥n the data in'Table:Z, in uhich:we h%ﬁe gfabulated the
differences A'E, obtained acc;rding to Eq. (1;..

In Table 3, compiled similarly to the first two, but con-
taining’the many years' data in a4 seasonal average, there is de-~
picted quite diztinctly cne of the significant features in the
indicated difference. This feature consists in a significant
raduction in the values of ; with height. Obviously, the latter
is assceciated with the reduction, in the same direction, of the

deviations in the actual vertical velocity of pilot balloons

from the calculated velocity.
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Table 2

Difterence A (m/sec) of Many Years' Values of Mean Diurnal Wind
v

Speed Caleulated Separately Based on the Data of the Radio Wind
Sounding and the Pilot Balloon Observations

. SRR %
Mounth W ) ©0e - 00
vane » - ——
;‘g sesgogeg —:.2 g:s :.2 e.7 -
( ] [EEARXE ] y . - -
m coeescesepoe -, 1 l.’ 0.5 .4 (2]
i eoeseporoca ...’ z.' 0.7 : ot ... . 3:;
eoecencocepa 0.0 X ] 0.9 [¥ 2NN O
Qoenseesssegeq] =41 g X ] [ X [ ¥ 4 o3
UlYeoveenpogenl 0. 2.7 0.8 5.0 (X
Bhoocoseena -0,% o7 [ X ] 0.7 0.3
Peaoseva] 0.1 t.4 [ ] 1.0 &;
cesosenn ot 1.4 . 9,7 0.4
acesesa el &: [ %4 - } =
eposepa al [ % - -

¥Refer to remark to Table 1.

It is known that a well-developed turbulent mixing de-
creases the resistance exerted upon a pilot balloon during 1ts
descent. As a result of this, the actual vertical veloeélty of
the balloon 1s usually greater than the calculated one, accord-
ing to which we establish the height of the pllot balloon which
15 observed from nne point. Thus, based on the many years' ob-
sorvatlions conducted in Slutsk (Pavlovsk), Molchanov [19] detec-
ted in the lower layers appreclable positive deviationz in the
vertical velocity of the pllot ballcons from the theoreticaily
calculated veloecity ( £y ). Decreasing with helght, the devi-
ations in O, attain at tfe 2 km level the zero values. Analo-

rous results were obtalned in the investigatlions conducted by
Pinus (127, in the Boriupole reglon {[Note]l: The positive de-
viations In A, are typical chiefly for the plains localities.
s the studies conducted by the Main Geophysical Observatory
under the supervision of P. A. Vorontsov and Ye. 3. Selezneva
[6] demonstrate, under mountain conditions, the [\w—values can

be negative in the layer from the curface of the Earth to a
helpht of around several hundreds of meters. The same circum-
stance 15 recorded Ly T. N. Klado [1#]. Evidently, the negative
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deviations in i&w are assocfated with the katabatic movements
ol air near the mountaln passes [25].

Table 3

Many Ye rs' Mean Diurnal Wind Speed (v m/sec) in Varilous Sea°ons °
{n = number of terms in the series)

) {
) 50 e
Season Ye yape| 3¢ — -
. » v = v . v - l v - ' v
Readio Vind Sounding
coec [ BMD) A8 [1534] 2.2 1000 ) 8.6 |161S) 8.9 | 90} 5,6
5....4 m‘a.s sl v el 12 s 1ie firse} 7ie
reseodmal G jvmlss ool |ina} e e} o9
W Xeosood ml‘-’ MI..’ [ S X 62U 9.3 L 17 34 X}
- Pilet-Balloen Observations
cone.] BIS] 4.9 | I 1.a'|:-‘v 7.8 1 1W) u’um 22
erne ] MBS N[ Cs 17085 [ 22| 66 1130] 69
(.8 evswoeod 3] 4.0 118 '."m 86 1 NS ..,"' w7l 85
mnm.,_..‘ wolar| w78, M|z | 5s|ss | @] -
! pifterence -5, ,
g -t 0.9 ) X ¢
e L H LYY
u’u'-‘.'!".Z- o KX o7 er | =

¥ Average value of velocity wac not computed owing to an insuf-
filcient amount of raw data (leszs than 500).

Since the calculated vertical velocity during the tur-
bulent mixing 1s lese than the actual velocity, the determina-
tion of the wind speed based on the depre:ssed vertical velocity
causes a lowering in the values of the wind speed. It is speci-
fieally this condition which leads to the formation of systematic
posltive differences between the wind speed values collected by
the radlo wind and pllot balloon methods. With helght, the valuc
or deviation in O _ decreases; therefore, we can naturally ex-
pect that in this sSame direction, the A Vv-values wlll also de-
crcase. However, under the influence of certain other factors
(the incwoase or decrease Iin wind speed with helght, the greater
or lesser selectivity of the pilot balloon data, and so forth),

t
the ariation Iin NV does not always take place uniformly.
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Sometimes, especially in summer, .the reduction in the value for

AT generally does not ozeur in the lower kilometer layer.

/103
In the annual pattern, the maximum for AV falls in
spring or autumn, when tle relatively high wind speeds accom-
pany a considerable turbulent mixing. In summer, the minimal
values of A v can be eXplained by the low w d speeds, while
in winter, they can be explained by the decrcased turublent
exchange of ailr. Similarly to this, there should also take
place a certain difference between the A V-values in thelr di- :
urnal pattern... Unfortunately, - the rethod emplioyed by us does
not permit us to calculate ‘with sufficient reliability the con- #

tribution.of each individual periad of observations in the for-
mation of the average dturnal valiue for Av. However, we can
assume that the diurnai fluctuations in f} v are not so appre-
ciable that they are perceptibly reflected on the results of
the analysis of the diurnal wind speed pattern based on the
averaged data. In particular, for such an assumption there is
the substantiation that above 100 m, the intensification of the
turbulent exchange (mixing) as a rule is accompanied by a de- 4
crease in wind speed and contrariwise (the opposite diurnal
pattern of intensity of turbulent mixing and wind speed should

probably exert a compensating effect upon the variation in the

N V-values during a 24-hour period). Nevertheless, admitting
in our calculations the independence of the A V~values upon the
observation periods, we calculate this value as reliable only
in a first approxinatlon.

A further important feature of the difference A ¥V con-
sists in the fact that.its values exist in a definite dependence
on the nature and degree of the selectivity of the data obtained
by the pilot balloon observations. Owing to this, being utilized
as a correction to the average values of wind speed acquired
based on the plillot balloon data, [\ Vv nermits us to suppress to
some extent or other their selective property. 1In reality, if
the selectivity of the pilot balloon observations is manifested
in such a way that the value for the mean diurnal wind speed
proves to be lowered, \V correspondingly increases, and its
corrected value becomes close to the actual one. However, cer-
tain difficulties can develop if the extent and particularly
nature of the selectivity of the observations change systemat-
ically from some periods to others. Under the assumption of /106
such variations, it 1s often necessary to revert to an analysis
of the original data, and in case of their insufficiency (see

the Zines drawn in Tables 1-3) in general we omit the calcula-
tion of AV.
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Many Years' Average Wind Speed (m/sec) Based on the Pilct Balloon
DatasOriginal (V. ) and Reduced to the Radio-Theodolite Method
of Ot=ervations (v ). Autu=n.
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In this manner, the- d;’tfference AV has two mals sources:
the deviation of the actual vertical velocity of the pilot bal-
loon from the calculated velocity -( Ay) and the selective

quality of the pilot balloon observations. The relative con-
tribqﬁ}on of these sources to the formation of each actual value

of AV can be various, however generally the principal role ob-
viously belongs to the deviations in A .

The typical case of reducing the averaged data of the
pilot balloon observations to the radio wind method of sound-

ing is presented in Table 4§ (the AV-values are taken from
Table 3).

In Table 5, placed at the basls of a series of further
constructions, we have presented the many years' average wind
speeds calculated from the results of the radio wind sounding,
while for the part of the specific heights-~based on the data
presented from the pilot balloon observations. The content of

~4om
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this table confirms well the existing general concepts concern-
ing the nature of the diurnal pattern of the wind speed in the
boundary layer and moreover permits us to form a concrete judg-
ment concernling the quantitative aspect of the object of the
present Iinvestigation. However, the data presented in Table 5
do not provide a sufficiently graphic pattern of the variations
in wind speed during a 24-hour period.

Table 5

Many Years' Average wind Speed (m/sec) at Various Times of Day

Time (howrs]
Height Y

(m) (@)% |®|n | wlov|»|n | Doy

¥ind wvane < 6] 6 e
A MEMEINEEE:
] 75 78 ' 7’9
m» lesfas|rs]22l78)73]as| 9 82
- E; solar]oniose]se]se]ss 8.6
o jas|ealaalarias|eijacyes] oF
e a7 7 a7 ss o8
.. . Sumer

Viad 212 28 [Ty} 1] 7
HREINEFIMEINE IR
m |7slra]esjas]er|es|7a] ae 7.0
m [relrefrejasies |71}y |7s 72
= Bl gln]|sels] -
we |7 Ti; 7s 16} 7.7
; . Psll

Wiad el as ] Y
oe | as s :; %9 %b 2 %z 3 &
» [a3 78 7.3 5.4 79
» lssfosfasizrsfiajes]ez]oes s
o Isafsajez]ass]aes o8 | 93 91
A HE BB
we |83 Y] 23 0 22

Vinter ’

Vind vane { ¢.¢ ’ P .

- IR I Rl bl k-1 el B
m (7] 78 CF] Y]
» jas|ose] s s52]esjos ] %
o S2flesjasio3los| s 94 | 93 9.4
o 1es|es]s 951 e2]9os| s ’3
L 2.8 [ X 9.6 .7 2.6
we |os 2 ne (7 "

Thesc .ariations are portrayed more 2istinctly in Tatle Gy
w~ere we nave shown the deviations E; cf many years' average wind
-
zpeed values for each individual period of cbservations (v_,)
‘ro- tne rany years' mean diu-ral value of the speed (vdiur).
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For each specific height, the indicated deviations are calcu-
lated according to the expression:

== R (3)
Cr=or 4&) Table 6

Deviations & ;(m/sec) of Mean Values for Wind Speed at Various
Times of Day ('Gc P) from the Mean Diurnal Value of Speed (V4. ,.)

n.::‘)nu sl.lnliu w a'a

Wind vaney —10 | —09 | <611 1.8 LI} 7 | 84 § -0
w . -e2 4 3 03
m 03 -0 ~83 o3
» os)! os | Zos| 10} 08} 09} o 1.2
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The nature of the diurnal wind speed patte.n can be rep-
resented particularly clearly by the isopleths of the deviations
5“ in the height-time’ coordinates. Without professing to show

a high accuracy of the reflection of diurnal speed variations
in all the possible details, such isopleths (Fig. 1-4) permits
us to detect easily -the maximums {maximum possible deviations)
and the minimums (maximum negative deviations) of wind speed
during a 24-hour period, the difference in their velues and
the time of arrival at any given height. In addit.on, based
on the interpolated values between the isoplethks, w:th the

aid of the equation

P = Ve £ % (4)

it 1is easy to derive fairly reliable hourly values of wind
speed (v o I.) for each fixed height. It was just by such a
method tgag we calculated the hourly values (Table 7), having
served as a basis for constructing the isopleths of the many
years' average wind speeds.

Proceeding to a review of the features of the diurnal
pattern of wind speed, let us explain first of all how accurate
the derived average values of speed are. Since as the basic
data, we adopted i:cre the data from the radio wind observations,
it is very important that they correspond above all to the re-
quirements of a reliable analiysis.

As a measure of the accuracy of the many years' average
speed values based on radio wind observations, we adopted the
mean-square error:

, T ()

where 5§7= mean-square deviation in speed, n = number of terms
in the series.

5=

bE;

In Table 8, we have presented the results obtained from
the calculavicn of T'y, whicn show trat the errcrs of the many
years' average nmonthly values of wind speed reazch 0.2-0.3 m/sec
for the level of 100 m and 0.3-C.4 r/sec for the level around
1,000 n.

It is obvious that suen ar zcsuracy c¢i the averase Taluiss
can not be recognized as adequate for an anaiysis of the 4iurnal
variations in the wind speed. In ccnnect-on with this, in place
of the average nonthly values, we selected the data in z seasonal
averaglng, owing to which tre srror in the everage values wzs
cut in kalf., This permitted us tc revezl the typlical featurses
of tne diurnal wind speed pattern witih an acecura~ny zeceptzlile

in tne practice.
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Fig. 1. 1Isopleths of Deviation in Average Wind Speei
(m/sec) at Varicus Times of Day from the Mean Diurnal

Valuz of Speed. Spring. 1- positive deviations,
2- negative, 3- zero.
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Fig. 3. Isopleths Indicating the Deviation in Average
Wind Speed (m/sec) at Various Times of Day from the Mean
Diurnal Value of Speed. Autumn.
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Fig. . Isopleths Indicating the Deviations in Average
#ind Speed (m/sec) at Varicus Times of Day from the lean
Diurnal Winl Speed Value. Winter. Keyj: 2) hours.
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Table 7 (Cont'd)
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Table 8

" - ¢
any Yecars' Average Wind Speed (v) and Its Error (2 7) (n = Num-
her of Terms In Serles, tva = Mean Square Deviation In Speed)

o . Time (hours)
: 7]

Month = ,
- = *
8 [ 4 r %. [ ] ") ? k

: . 100 m

anuaf. 'XEXX N 147 6.6 3,3 0.3 130 6,7 3.0 0.2
%”b r{y...,lu 6.5 3o | o3 136 6.9 3 0.3
i eseeve.] 140 7.0 3.4 0.3 143 7.7 3.5 0.3
ﬁ.....m 12 | 1.1 33 | 03 139 7.4 3.7 0.3
ux. sencoosd I8 6.9 3,2 0. 143 7.5 3.5 0.3
Boosecced 4T | 6.2 30 | 02 17 6.6 31 0,1
ul sesesce,] 148 6.8 3.3 0,3 199 6.8 3,0 0.2
Uplistececed M7 | 6.4 2.8 0.2 149 8.6 29 | 0.2
o gmboro-<d“ 6.2 23 | 0.2 140 4.6 28 | 02
cto eevs 151 | 7.0 2.8 | 02 149 7.2 2.8 0.2
ovem%or.oa.lw 7.8 35 | 0.3 143 | 7.1 35 1] 03
scemboressd 133 7.5 2,9 0.2 144 7.0 2.8 0,2

850 m
Januarve....| 141 92 'K} 04 1 18 97 4.8 0,4
ob :¥y- vl 99 | «8 | o6 ! im | 96 | 30 | 04
§§,,.,.“ ter | 93 | «8 | 04 § 137 | 95 | €9 | o4
oLt | 90§ 42 | 04 140 7.9 ¢ | 04
ceceevsed 10} 832 ] 62 ] 04 147 7.9 4 0.4
u§e"..u”.|« 706 | 38 ] 03 ! 13 | 69 | 34 | 03
Ulyessscsod 146 | 700 39 | 0.3 167 70 | 3.7 | 03
u tﬁ.“w.lu 7.3 39 | 0.2 ur 7.4 3s | 03
-ﬁ?} mbors-s4 139 | 80 | 36 0.3 i» 7.9 3.9 0.3
o @Fecc-e.| M9 | 9.1 4.4 0.4 148 8.6 o4 0.4
November..«d 138 9.4 4.3 0.4 1490 | 10,0 4.9 0.4
Decemberesed 148 | 9.3 .8 0.4 13 9.3 4.5 0.4

Let us now return to the isoplcths of the deviations

s represented 1n Flgs. 1-4.

It is casy to observe that in the spring (Fig. 1), at

the larth's surface, the diurnal maximum of speed falls at 1300-

1400 hours, while the minimum occurs at 0300-0400 hours. At a
heipht of an average of around 100 m, there 1s found the level
of Lhe reversal of the wind (zero isopleth) above which the
speed has a diurnal pattern, oprpoclite to that which occurs at
{ne Farth's surface: the maximum in speed 1o recorded at 2200-

2300 hours, while the minimumy perceptibly deformed by the influ-

enee of the near-ground maximum, extend:s between 1100 and 1700
hours. ‘I'his second type of the diurnal pattern 1s expressed
mocst clearly in the 300-500 meter layer. Within the limits of
thls layer, In proportlon to the tnereace in height, the noc-
turnal maximum is shifted fto 0400-050C hours, whlle the daytime

-51-
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minimum, becoming less distinct, is maintained for about the
same time interval. .

Starting from aheight of 800-900 m, we find a third
type of diurnal pattern in wind speed with two maximums (at
0700-0900 and 2200-2300 hours) and with two minimums (at 0200-
0300 and 1700-1800 hours). ’

An analogous pattern occurs in summer (Fig. 2). However,
in thls season, the nature of the diurnal variations neverthe-
less differs from the spring season in certain features: by
4 somewhat ralsed level of wind reversal during the day, and
| by a lowering at night, by an earlier arrival (in the first
| half of the day), of the phases of the diurnal pattern, and
i by a perceptible decrease in the depth of the layer with two
maximums and two minimums.

In autumn (Fig. 3), there occurs a further "subsidence"
of the layer with a dual diurnal pattern of speed, also prop-
: agating to the subjacent layers. At a helght of 1700-1800 n,
| the morning maximum 1s replaced by a minimum, indicating the
appearance of a further (fourth) type of diurnal pattern in
wind speed. . . , L

The latter circumstance is portrayed quite lucidly in
Fig. 4, typifying the diurnal variations in the speed in winter.
As 1s obvious, during this season, at a height of 1300-2000 m,
we find a diurnal wind speed pattern with one maximum (at
140C~-1900 hours) and one minimum (at 0700-0900 hours). With
regard to the f{irst three types of the diurnal pattern, they
are also retained in a weakly expressed form in the winter,
as a whole not emerging beyond the 1limits of the 1,000 m level.

A more definitive concept of the baslc types of diurnal
wind speed pattern is provided by the curves constructed for
several levels with distinetly manifested typlcal variations
in the speed during a 24-hour period (Fig. 5). Comparing the
approprilate curves pertaining to the various seasons, it is
easy to detect, on the one hand, the baslc similarity of the
diurnal fluctuations in speed during the entire year, and on
the otaer hand, the essential differences between them, espec-
lally in respect to value of amplitude.

Naturally, the differences in the diurnal pattern of the
speed at varlous levels are linked with the dissimilar nature
of the vertical wind distribution at different hours of the
day. As 1s shown in Fig. 6, from the Earth's surface to
100-200 m, wind speed rises abruptly with height, while above
the 1ndicated level, it behaves differently: 1in the warm
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season of the year in the morning, it increases gradually,
while around midnight, it decreases slowly; during the day, the
gradual drop is alternated twice by a fairly rapid rise. In

the winter, the vertical wind profile changes but 1little during
a 24-hour period.

The distribution of the mean wind speed in the entire
depth of the boundary layer over an entire 24-hour period can
be traced easily with the aid of the isopleths represented
for each season, and depicted in Figs. 7-10. Without going
into a detailed analysis of this distribution, let us note
only certain of its characteristic features.

In the spring (Fig. 7), the maximum mean wind speed value
(9.5 m/sec) is recorded at around midnight at a height of 500~
700 m. Only in the morning, at the topmost level of the boun-
dary layer (1800-2000 m) does the wind speed attain approximately
the same value. In summer (Fig. 8), the nocturnal maximum
(8.0 m/sec) occurs at a height of 300-500 m, while the morning
maximum occurs at 1300-1600 m. Between the morning and night
maximums, in the spring and summer, the daytime maximum is
well-expressed. Its axis passes through the entire boundary
layer, shifting from the second half of the night at the Earth's
surface to the evening hours at the upper levels. The second
minimum is recorded at night at the height of 1,100-1,500 m.

A similar although less distinct distribution in wind /114
speed occurs in the autumn (Fig. 9). During this season, the
night-time minimum proves to be extended greatly through time;
and the nocturnal maximum (19.6 m/sec) shifts to the evening
hours. .

In winter (Fig. 10), the wind speed distribution features
typical of the boundary layer are traced only to a height of
around 1,000 m. Above the indicated level, they are quite imper-
ceptible. The sole feature which attracts attention here is the
slight morning minimum, extended through time and in height, en-
compassing a part of the night and almost the entire first half
of the day. Incidentally, this minimum pertains to the heights
which during the cold season 2lready prove to extend bteyond the
linits of the boundary layer.

In general, such is the pattern of the diurnal wind speed
variations in the lower 2-kilometer layer of the atmosphere.
Essentially, it reduces to the fact that in propecrtion to dis-
tance from the Zarti's surface, we have a successive alterna-
tior of three-four, az a2 rule, orposite, types ¢f the diurnal
rzttern of ¥ind creed. 7The average heiznt ad the depth of *“he
izyers ( to walch arny ziven type of diurpal rattern is interent)
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depend appreéiably on the season. The variations in speed with
height are dissimilar at various hours of the day.

The results obtained from analyzing the actual observa-
tions thus 1lndicate that the typical dlurnal wind speed pattern
is manifested in a fairly distinet form in the south of the
Eastern-European plans (Kharkov). This agrees fully with the
existing concepts about the reasons underlying the phenomenon
under consideration.

As is known, the first explanation of the diurnal wind
speed pattern was given independently by Espi, Keppen and Voy-
eykov. As early as 1884, the latter had indicated the neces-
sity (for explaining the diurnal pattern) "of reviewing the
relation of the lower air layers to the superjacent ones" [4].

According to the Espi-Keppen theory, having enjoyed
great popularity for a long time, the diurnal pattern of the
wind speed is caused by the exchange of the lower air masses,
slowed in their motion, with the upper, more mobile masses.
This exchange occurs most strongly immediately after noon,
when the vertical convection and its accomparnying turbulence
attain the maximum intensity. Therefore, around noon, at the
Earth's surface, a maximum is recorded, while in the superjac-
cnt air layer, a minimum of the wind speed is registered. The
quantity of motion, redistributing among the layers with a
varying wind speed, is generally retained during this time.

In the same way, we also can explain the reversal of the
diurnal pattern aloft, and its weskness above the oceans, where
the intensity of convection scarcely changes during a 24-~hour
period [13].

Distinguished as a whole by a recognized orderliness, this
theory nevertheless proves inadequate for explaining certain im-
portant aspects of the phenomenon. Thus, the layer in which the
wind speed lackens during the day is many times deeper than the
near-ground layer, where the speed is intensifying. In view of
this, the total quantity of motion can not be preserved. O0b-
viously, during the day, it decreases, while at night it in-
creases. Hence, the Espi-Keppen theory does not explain the
differences in the vertical extent of the layers witnh reversed
diurnal patterns.

Tre assunptvon exicts trat during the day in the atmos-
phere, whicsh iz heating up and expan ding, 2 certain accumuiation
of potential erergy occurc, wnich in the evening ané at nignt
is "rezlized™, trznsformirg ic kinetic energy of zir mcticon
iz272. Osv’“LJ_., this effect is superimposed on the atove-
Indicated =ffect f convection.
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According to another viewpoint, the basic reason for
the great depth of the upper layer, where the wind speeds
slacken during the day, is the wind's freshening during the
day at the Eartn's surface, causing an Increased energy dis-
sipation in the near-ground layer, and a reduction in the
quantity of motion up to considerable heights [21].
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Flg. 7. Isopleths Indicating Mean Wind Speed. Springtime.
Key: a) hours _ w 4,

0o

190

Fig. 8. 1Isopleths Indicating Mean Wind Speed. Summer.
Key: a) hours.
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Fig. 9. Isopleths of Mean Wind Speed. Autumn. ]
Key: a) hours.
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Fig. 10. Isopleths Deplcting Mean Wind Speed. Winter.
b Key: a) hours. {
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It is also ccnsidered that, along with the daytime de-

velopment of the convection and turbulence, the cause for the
diurnal pattern of wind specd (and directicn) can be found in
the diurnal variations of the additional baric gradient. Under
xnown conditions, the latter seemingly appears in the atmosphere
as a supplement to the basic baric gradient, directed in accor-
dance with the general arrangement of the isobars [1]. The
additional baric gradient causes an additional vector of wind
speed, which is superimposed geometrically with the base velo-
city vector, varying its direction and value.

Unfortunately, not one of the suggested qualitative sys-
tems can explain all the phenomenon's details. Therefore what
is needed is a strict quantitativ theory, but its construction
presents appreclable difficulties.

The first attempt at a mathematical explanation of the
diurnal pattern of wind speed was made by B. I. Izvekov. How-
ever, assuming the coefficient of turbulent viscosity to be
unvarying with height, the results he obtained were not very
satisfactory [2].

M. Ye. Shvets solved the problem of the diurnal pattern
of wind speed, hypothesizing that the coefficient of turbulent
viscosity increases to a certain height, then remaining con-
stant. He considered this coefficient to be a periodic time
function with a 24~hour period [28].

The result obtained by Shvets agrees better with the ob-
servations. Nevertheless, the explanation of the diurnal pat-
tern requires a further, more detailed theoretical development
and verification., It 1s apparent that the empirical studies
should also facilitate this.

In conclusion, I wish to divert attention to certain
specific results of our analysis, which seem somewhat unexpec-
ted in the light of the existing concepts.

Above all, what is very striking is the circumstance that
the layers with the clearly expressed diurnal variations in
speed attain the maximum height in the spring months rather
than in the summer. This phenomenon, unusual at first glance,
proves quite natural upon closer examination, since in a large
part of the European territory of the USSR, the helight of the
boundary layer and the coefficlent of turbulent mixling reach
the maximal value specifically in spring [16]. At this time of
the year, the distribution of the meteorological elements 1in
the boundary layer 1s affected equally strongly by the thermal
and the dynamic factors (in summer, the dynamic factor has a
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lesser value in view of the wind's slackening in the annual
nattern).

The relatively early arrival, in summer, of the phases
of the diurnal pattern in the forenoon hours 1is generally known
and easily explainable. However, in our view it is not simple
to explain the fact that the increase in the duration of the
day and the related increase in the rcle of the thermal factor
does not lead to a later advent of the afternoon phase (it would
appear that the latter should occur on the strength of the
phenomenon's physical logic). In this sense, the mutual con-
vergence of the diurnal pattern's phases in the ecold period,
when the effect of the thermal factor becomes barely percep-
tible, appears more natural.

The results obtained do not agree entirely with the
popular opinion to the effect that in the boundary layer, the
wind speed always increases with the height. Even the dbser-
vations conducted in Kharkov and averaged for 5 years pernmit
us to detect in the warm hal{ of the year a considerable de~
crease in the wind speed with height, starting from various
levels at different times of the day. Moreover, these obser-
vations indicate quite definitely that around midnight, the
maximal values of mean wind speed during a greater part of the /118
year do not occur in the upper levels of the bounfary layer,
but at a height of only 3006-500 m in all.

Let us recall that the maximum of wind speed at a height
of 300-500 m was first discovered by M. M. Rykachev. However,
both Rykachev and subsequently Molchanov, Jjust as certain con-
temporary auvthors [27] assumed it to be weak, evidently owing
to the scantness of the available data or as a result of their
diurnal averaging. Actually, however, as the observations con-
ducted in Kharkov indicate, this maximum in the hours around
midnight, especially in spring and summer, is not only suffi-
cliently strong but is also basic.

A certain slackening of the wind with height 1s eviden-
ced by the data for Pavlovsk, obtained by another method and
averaged for another 5-year period [15].

We should also stress that, according to the analysis
conducted, the average wind speed in the upper layers of the
boundary layer in certain seasons can be less at night and
more in the first half of the day. It 1s therefore consldered
that the judgment, expressed half a century ago by V. A. Khanev-
skiy [26] and repeated until this time, to the effect that to
a height of at least 3 km, the maximum wind speed usually
occurs at night, while the minimum is usually during the day,
needs some refinement. Let us incidentally comment that

-58~




e ——— et —— —— i —— — s —ee

referring to Khanevsi-iy, the modern authors do not stipulate

that in the given cas«, he relied on the results of kite ob-
servations, taken in an annual averaging. Khanevskly himself
considered that it was necessary to stress this aspect. )

The author wishes to express his heartfelt gratitude to
Doctor of Geographlic Sciences, 1. G. Guterman and Prof. S. A.
Sapozhnikova for their valuable comments and advice proffered
in the writing of the present report.
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(U) A discussion 1s presented of methods used to determine the
characteristics of the duration of sustained wind speeds over
plains areas in the Soviet Union, The data were taken from the
Spravochnik po klimaty SSSR (Handbook on the Climate of the USSR),
Part III, and consisted of measurements made at 28 stations lo~
cated in areas of various types of shelter and terrain and repre-
senting such widely distant areas as Dickson Island in the Artic
to Kiev in the Ukraine and Irktsk in Central Asia, Wind-speed
intervals for open flat terrains were less than or equal to 2, 4;
and greater than or equal to 5, 8, 12, 16, and 20 m/sec, Modal
values of the frequency of wind-duration limits (cases in which
modes for hourly intervals and those for more than 1 hr were cal~
culated) were used to construct distribution curves. Analisis of ¢
these curves falled to show any significant differences in them
) either for the varlcus stations, wind-speed limits, or for seasons,
i.e, the distribution curves related to a single law of distribu-~ 4
tion in which only the numerical parameters varied, Orig. art.
has: 1 figure, 3 tables, and 2 formula‘,
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(U) An approximate calculation procedure is described for the
determination and characterization of the changes in wind speed
with helght in the lower 100-m layer of the atmosphere over the
forest and forest-steppe (southeast of the Oka River) terrains

of central Eurcpean USSR, These variations are determined by
comparing wind speeds measured at vane~heights with those measured
at h equals 100 m from radiosondes and pilot balloon launch sites,
and pilot balloons (77 weather stations, 7 pilot launch sites, and
18 radiosonde stations), since station characteristics varied
widely,the stations were grouped by such characteristics as type

of terrain (forest of forest-steppe), opemness (visual range, de-
gree of shelter), type of relief, proximity to water bocy and type
of shoreline, and nearness to populated areas, The mean annual wind
speed and the diurnal amplitude of the speed in July were taken into
acccunt 1n the station grouping process, The results of the study
are presented in the form of graphs, tables and extensive appendices
which show in detall the monthly, dally mean, daytime, and nighttime
relationships of wind speeds to 20 types of weather station positions|
Orig. art, has: U4 figures, 10 tables, and 4 formulas.
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(U) A method i3 proposed whereby diurnal variations in boundary
layer wind speeds can be determined by ccmbining rawinsonde
neasurements made at C~hr intervals in a 24-hr period with those
made with pilot balloonts in periods intermediate within these main
In this method the result:s cbtained from the pilot
balloon messurements are reduced to the rawinsonde data, using a
method involving the differences in long-term values of the mean
The procedure involves the individual com-
putation of the long-term mean diurnal wind speeds at fixed
helghts from speeds obtained 1n four equally spaced rawinsonde
ascents and for four other identically spaced periods in which
pilot balloon observaticns are made.

The difference between thesa
two values is the error of the pilot balloon observations relative
tc the rawlnsonde measurements (with the opposite sign). It it 1is
assumed that the difference is stable for all of the observation
periods, the mean wind speed for a given period obtained from long~-
term pilot balloon observations can be reduced to the value of an
adequately "mean rawlnsonde measurement" for the same periocd, i.e,
Orig. art, has: 10 figures, 8 tables, and 5 formulas.,
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